Background: Accurate estimates of the baseline incidence of childhood intussusception could help safety monitoring after introduction of rotavirus vaccines. Therefore, we studied the incidence of intussusception in the state of Qatar. Methods: We retrospectively reviewed cases of intussusception in children younger than 14 years. Children were treated between 2002 and 2012 at a single hospital in Qatar. We analyzed information according to age, sex, clinical signs, diagnostic-and treatment-related characteristics, and length of stay. We calculated the national incidence of intussusception using census data. Results: A total of 106 children were diagnosed and treated for intussusception over 11 years. The male to female ratio of intussusception was 1.4:1. The most common symptom was bleeding per rectum (37%). One hundred and four children with intussusception underwent diagnostic and therapeutic contrast enema, and 31.7% of patients underwent operative management. The length of stay was longer in patients who underwent operative reduction than that in those who did not. Conclusions: This is the first study to estimate the incidence of childhood intussusception prior to introduction of rotavirus vaccination in Qatar. A prospective surveillance system using a standardized case definition would be useful for examining the occurrence of intussusception in the Arabic Gulf area and developing countries.
Background
Intussusception which is invagination of part of the bowel into the next part like a telescope is a common child-
T. O. Abbas et al.

2
hood problem that results in serious morbidity and mortality worldwide. In developing nations, the mortality may be as high as 20% [1] . Most intussusceptions are considered to be idiopathic in origin because there is usually no identifiable pathology at the lead point. The underlying cause of intussusception in most infants is unknown, but it is associated with several pathogens, including adenoviruses [2] - [11] . Although the full etiology of intussusceptions remains unclear, adenovirus infection is associated with an increased risk of intussusception.
In only approximately 6% of cases (ranging from 1.5% to 12%), intussusception is associated with a pathological lead point, predominantly Meckel's diverticulum [12] . The vast majority of intussusception episodes, termed "idiopathic", arise in the ileum because of lymphoid hyperplasia of Peyer's patches [13] , suggestive of a response to infection. However, the epidemiological features of intussusception recurrence and surgical reduction are not well understood [14] .
In approximately 50% of children with intussusception, an infective etiology is further suggested by the presence of viral shedding in the stools, together with the demonstration of virus particles in pathological specimens [15] . However, natural rotavirus infection is not believed to be linked to this condition, but an association of intussusceptions with an oral rhesus-based tetravalent rotavirus vaccine has been well documented [1] . This vaccine was licensed in the United States in 1998 and administered to approximately 500,000 infants. The subsequent risk of intussusceptions was estimated to be one case per 10,000 vaccine recipients [1] . In 1999, Rotashield (the first-generation rotavirus vaccine licensed in the United States) was withdrawn from the market because of a potential increased risk of intussusception [16] .
In 2004, a new rotavirus vaccine (Rotarix ® ) was licensed in Mexico. In 2006, another vaccine (Rotateq ® , Merck) was approved in the United States. At present, both vaccines are used in routine immunization in several high and low-income countries. Clinical trials of these vaccines and early post-licensure data have shown no major risk of intussusception after vaccination (<1 case in 20,000 vaccines). However, a risk of a lower magnitude cannot be ruled out entirely before further post-licensure data have been accumulated. For this reason, local data on the baseline incidence and epidemiology of intussusception are important for countries that are considering using rotavirus vaccines to help with post introduction safety monitoring [1] .
A recent and extensive review by the World Health Organization (WHO) on intussusception concluded that, in developed countries, the baseline incidence of intussusception is between 0.5 and 4.3 cases per 1000 live births or 0.7 -1.2 cases per 1000 children aged less than 1 year [17] . Accurate estimates of the incidence of intussusception are not available for most developing countries [18] . Although intussusception remains the most common cause of acute intestinal obstruction in infants and young children, the condition is linked as a side effect to a previous vaccine administered to infants in the United States in 1998 for the prevention of rotavirus gastroenteritis. This resulted in a global need to obtain incidence estimates of intussusception before the introduction of new rotavirus vaccines [19] .
In developed countries, a favorable clinical outcome of intussusception is more likely because of timely diagnosis and early treatment by the less invasive procedure of enema reduction. By contrast, in developing countries, delayed diagnosis with ensuing bowel necrosis, followed by attempted operative reduction, is associated with high case fatality rates (e.g., 18% in Nigeria, 20% in Indonesia, and up to 54% in Ethiopia [20] .
The treatment of intussusception has primarily evolved from operative management to the preference for radiological reduction with either air or barium contrast. Radiological reductions of intussusception have been shown to decrease the length of hospitalization, shorten recovery, and reduce the risk of complications associated with major abdominal surgery. The published success rate of radiological reduction averages 80%, but varies widely [21] .
Mortality caused by intussusception in infants and children is now uncommon in developed countries because of better access to healthcare facilities. In contrast, intussusception-associated mortality remains high in some developing countries [15] . Children treated at hospitals with >10,000 pediatric admissions yearly have higher rates of non-operative reduction than children treated at other non-tertiary facilities [22] .
Qatar is a sovereign Arab state, located in Western Asia, occupying the small Qatar Peninsula on the northeasterly coast of the much larger Arabian Peninsula [23] . Out of the total population of approximately 1.5 million (estimated in May 2008), the make-up of ethnic groups is as follows: 20% Qatari (Arab), 20% other Arab, 20% Indian, 10% Filipino, 13% Nepali, 7% Pakistani, 5% Sri Lankan, and 5% others (United States State Department Qatar Page).
Hamad Medical Corporation (HMC), which is affiliated with Cornell University, is the premier non-profit health care provider in Doha, Qatar. The HMC manages five highly specialized hospitals, the biggest of which is Hamad General Hospital.
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The incidence of intussusception in the Qatar population is unknown. Therefore, we aimed to determine the prevalence of intussusception and associated epidemiological and environmental risk factors in children younger than 14 years in the State of Qatar. Moreover, we aimed to provide estimates of hospitalization rates for intussusception during 2002-2012. This included patients' demographics, seasonality, management, and outcomes. We attempted to delineate current outcomes for the treatment of intussusception in children in Qatar. We also examined whether improvement in enema reduction rates has occurred over time and the effect of current reduction techniques and delay in presentation of symptoms on rates of bowel resection, postoperative complications, and length of stay.
Methods
This retrospective hospital-based study to review cases of intussusceptions was carried out at Hamad General Hospital (HGH), Doha, Qatar. HGH represents the sole healthcare institution in the state of Qatar. It is 621-bed multispecialty, tertiary-care teaching hospital, which serves a vital, diverse, and multi-national community. The protocol received appropriate institutional ethical review.
All medical records of hospitalized children aged less than 14 years at HGH were reviewed for the period from January 2002 through to December 2012, to identify patients who met the clinical case definition of intussusception as defined by the Brighton Collaboration. Records with intussusceptions were extracted using the International Classification of Diseases, Version 9 (ICD-9) diagnosis code 560.0 from discharge records in the hospital's medical record database of 2002-2012.
For each identified child, we extracted information on demographics, admission, and discharge dates, clinical signs and symptoms and their duration, and diagnostic and treatment procedures performed. Data on the standardized questionnaire were summarized and entered into an electronic database and checked for accuracy. Data extraction and entry were performed by the same investigator. We analyzed the information according to age, sex, clinical signs, date of hospitalization, and diagnostic-and treatment-related characteristics. Because early diagnosis and treatment could provide better outcomes, we compared the length of hospital stay for patients admitted for less than 24 hours and 24 hours or longer after the onset of symptoms. Incidence rates were calculated by using census data.
Retrospective analysis was performed on the medical records of the patients managed with intussusception in the department of pediatric surgery of HGH for 11 years within the previous 10 years (from Jan 2002 to Dec 2012). The database includes data on diagnoses, comorbidities at admission coded, surgical procedures, length of stay, and discharge status, including in-hospital death.
For study inclusion, the diagnosis of intussusception must have been verified by either imaging (ultrasound, enema, or computed tomography) or surgical exploration. Patients were excluded from the study if records could not be validated for the diagnosis of intussusception.
All radiological reduction techniques were performed under fluoroscopy using liquids and numbers of attempts were at the discretion of the radiologist. A rectal catheter was inserted and the buttocks were taped to prevent contrast leakage. Liquid reduction was attempted using either barium or water-soluble diatrizoate meglumine (gastrograffin) prepared with routine methods. A column of contrast was established 1 m above the table. Reduction attempts were followed using real-time fluoroscopic guidance with the patient in the prone position, as well as in the supine and oblige positions. Typically, three consecutive attempts of 3 minutes each were performed. Conscious sedation was not used in the non-operative radiological-guided attempts at intussusception reduction.
Statistical Analysis
Descriptive statistics were used to summarize the demographic characteristics of patients. Means +− standard deviation are reported were appropriate. Ratios with 95% confidence intervals were calculated by using Poisson regression data.
Results
Population
One hundred and six children were diagnosed and treated for intussusception over an 11-year period. A total of T. O. Abbas et al.
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23% of children were less than 6 months old, 56% were 6 months to 1 year old, and 26% were older than 1 year old at the time of diagnosis (Figure 1, Table 1) . A total of 35% were Qatari and 65% were non-Qatari (Figure 2 , Table 2 ).
Signs and Symptoms
The most common presenting sign or symptom in our series was bleeding per rectum, occurring in 37% of children. Fifty-three patients presented with the onset of symptoms within 24 h, 47 presented after 1 day of onset, ranging from 1 to 9 days (%), and six were unspecified (Figures 3, 4) .
In 106 patients, symptoms on presentation included abdominal pain in 33%, abdominal distension in 2%, vomiting 57%, specifically bilious vomiting in 35%, bleeding per rectum in 37%, diarrhea in 3%, and fever in 5% ( Table 2 ). 
Enema Reduction
One hundred four children with intussusceptions underwent diagnostic and therapeutic contrast enema. Seventyone (68.3%) of them were successful and 33 (31.7%) failed. The enema reduction failure rate was higher in patients who had symptoms for less than 24 hours (22/53 patients, 41.5%) compared with those who had symp- toms for more than 24 h (10/45 patients, 22.2%) ( Table 3) .
Operative vs Nonoperative Reduction
A total of 31.7% of patients underwent operative management. Operative intervention was higher in patients who had symptoms for less than 24 h compared with those who had symptoms for more than 24 h (41.5% vs 22.2%) ( Table 3) .
Coexisting Conditions
Preceding illnesses and associated congenital anomalies were variable ( Table 4 ).
Length of Stay
The length of hospital stay ranged between 1 and 7 days (mean, 2.6 days). The length of stay was longer in patients who underwent operative reduction than in those who did not undergo operative reduction in both groups of presentation (symptoms for less than and more than 24 h).
Seasonality
Intussusception cases were coming through all the year but clear double-peak pattern during April and November. It was noticed also that the average ages of the patients were lowest during these peaks (10 -11 months) which might be an indicator that idiopathic intussucpetion is seasonal in nature following changes in temperature or vaccination campaigns ( Figure 5 ). Figure 5 . Seasonality pattern in patients with intussusception over the study period.
Discussion
Our study examined the nature of childhood intussusception in Qatar. To the best of our knowledge, this is the first study to investigate the incidence of intussusception among the Qatar population using a nationwide database combined with the advantage of a single tertiary hospital being the referral center for all suspected patients having the disease.
Rotavirus
Considering the global introduction of the rotavirus vaccine, the risk of intussusception attributable to rotavirus vaccine needs to be addressed by accurate data on the background rate of intussusception. The number of intussusceptions that occur by chance alone will increase in the week after administration of rotavirus vaccine, while the incidence in intussusception is larger in the month after the vaccine is given in countries where intussusception rates are high, or if the coexistence between both is valid.
Imaging
Although abdominal X-ray has a low sensitivity (29% -50%), a significant number of children in the present study were exposed to unnecessary radiation for little likely clinical benefit. However, abdominal ultrasonography has high sensitivity (98%). Abdominal ultrasonography should be the first-line investigation in children with suspected intussusception [24] . Little is known about the effect of subspecialty training and hospital volume on outcomes for children with intussusception [25] . A recent study using discharge data from the state of Washington suggested that low-volume hospitals, with less than 10,000 pediatric admissions per year, performed more operative reductions and bowel resections for children with intussusception than those cared for in a high-volume specialty setting [26] .
Success of Enema Reduction
Nonoperative reduction of intussusception is performed by a radiologist using hydrostatic or pneumatic pressure under fluoroscopic or sonographic visualization, and is successful in most cases. Nonoperative reduction of intussusception has been shown to reduce the length of stay, shorten recovery, decrease hospital costs, and decrease the risk of complications related to abdominal surgery [27] . The success rate of enema reduction varies widely in the published literature. Reported rates of successful enema reduction average 75% [28] [29].
Surgical Intervention
The need for operative reduction is important for a number of reasons. First, surgical management is associated with a longer length of stay, especially when bowel resection is performed. This results in higher hospital costs, as well as inefficient use of health care resources. In addition, the need for laparotomy affects morbidity, pain, and the long-term risk of adhesive bowel obstruction. Finally, a delay in the diagnosis of intussusception in rare cases can lead to bowel necrosis and overwhelming sepsis, which is a potentially lethal complication [25] . In one study, surgical reduction was still required in 6% to 53% of children, including patients with failed enema reduction, with a pathological lead point, or with contraindications to attempted enema reduction [30] - [34] .
Epidemiology
The epidemiology of intussusception in Qatar was similar to that described in other parts of the world. Previous reports have shown that intussusception is more frequent in males, with our study yielding a male to female ratio of 1.4:1. The ratio is reported to be vary widely across different regions of the world, but all reports have indicated a predominance of males. For example, this ratio was reported as 1.3:1 in Singapore [35] and 9:1 in India [36] [37] . A predominance of intussusception among males has been noted with male-to-female ratios ranging from 1.3 to 2.0 [38] - [41] . An interesting finding in a study from Taiwan was that the incidence rate ratio between two sexes was dynamic, increasing from 1.31 in children less than 1 year old to 2.52 in children 9 years old [14] . The gradual increase in male-to-female incidence rate ratio by age may be related to the differential onset time between the two sexes, because this previous study found that the mean age of the initial onset of intussusception was significantly older in males than in females (27.3 months vs. 24.9 months, p < 0.001). The male-to-female incidence rate ratio decreased after 9 years of age, but the limited number of cases did not permit any strong inference among older children or adolescents [14] . Most cases of intussusception occur in infants between 3 -6 months, which is the age when rotavirus vaccination is administered. This may challenge surveillance of intussusceptions following vaccination because a possible increase in cases due to vaccination may coincide with its natural peak. In Qatar, distinct seasonality was detected, which is different to reports from countries such as the United States [42] [43] and Europe [44] [45] . Seasonality of the occurrence of intussusceptions is controversial. Some studies have reported no seasonal variation [39] [46]- [50] , while other studies have favored seasonality [47] [51] .
Although intussusception is a common surgical condition in children, there are no current guidelines in the state of Qatar regarding treatment of children with this condition. However, over the last 2 years, there has been some movement toward standardization of the referral system of children having this condition in the form of sending patients suspected from the Pediatric Emergency Centre from different regions of the state to perform ultrasound. At the same time, the on call pediatric surgeon is contacted to evaluate the patient, admit him/her in case of confirmation by ultrasound, and arrangement of hydrostatic reduction should be performed as soon as possible by the same radiologist who performed the ultrasound. Because it is impractical to refer all children with abdominal pain and vomiting to the radiology department of the main hospital and initiate this protocol, the results of this study should stimulate efforts toward improved education about the diagnosis and management of intussusception for those working in the community.
Limitations
The retrospective nature of this study resulted in some limitations. First, there was a lack of complete immunization data, which made it difficult to reliably count the number of immunizations given prior to hospitalization for intussusception. However, this was not a main objective of the study. Second, it was difficult to obtain accurate birth-cohort data for the catchment population. Nevertheless, the strength of this retrospective study is that it analyzed data from the only tertiary care facility in the country with complete investigations and reliable documentation. The specificity of case ascertainment is therefore likely to be high, and the description of the clinical presentation, treatment outcomes, and epidemiology is consequently an accurate representation of intussusception in Qatar.
Conclusion
In conclusion, we report our 11-year experience of intussusception in Qatar, which provides accurate baseline data. We found an increasing overall incidence in children less than 14 years, with a clear upward trend between 2002 and 2011, and an absence of seasonality in Qatar.
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